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EUROPEAN PATENT APPLICATION 



@ Thermoplastic monofilament sutures having Improved flexibility and handling characteristics are obtained by 
a melt spinning process which includes the step of drawing the filaments in a heated zone maintained at a 
temperature above the melting temperature of the filament. The resulting filaments have a higher elongation and 
lower modulus than comparable filament obtained without the heated drawing step, and are characterized by a 
crystalline structure which is more highly ordered in the core of the filament than in a surrounding annular area. 
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THERMAL TREATMENT OF THERMOPLASTIC FILAMENTS 

Reld of Invention 
Background of the invention 

10 

20 dioxanone are described in U S. 4.052.988 ' ' of poly- 

US^S^'^JJ-.'^?^'^ ^ P^«P^""9 monofilament sutures are described in 

^e6^^\:TsTmATe'"X'^'' [tetran,ethylene terephtha,ate-co.(alRenyl" ^kyCS^iS 

and knot strength and a high level of fle.biSy and sS^T ""^"^ ^ 

' by ii'e%'uX'Drc^t'^^^^^^^^ T 't'^ ''^ ^^'"^^ -ell recognized 

^^.f rr"r ^-^-^ sell's!' 

Summary of the invention 
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filament through a radiant heater maintained above the melting temperature of the monofilament. Operating 
conditions are controlled so that the monofilament is subjected to a sufficient time/temperature exposure to 
modify the near-surface crystalline structure of the monofilament. 

The monofilament is maintained under tension and preferably drawn slightly during the heat treatment. 

5 Draw ratios of 10 - 20 percent or higher are possible with most materials. Treatment temperature may be 
5* to 100* C or more above the melting temperature of the monofilament, with exposure time adjusted to 
obtain the desired effect on crystalline structure without penetrating too deeply within the monofilament. 
Following the heat treatment, the monofilament is relaxed and annealed to further increase crystallinity and 
decrease the degree of amorphous orientation. 

10 In a further embodiment of the present Invention, melt extruded, liquid quenched monofilaments are 
drawn through a radiant heater maintained at a temperature above the melting temperature of the 
monofilaments. Draw speed, draw ratio, heater temperature and dwell time are regulated to obtain the 
maximum stable draw ratio for the particular monofilament material. This draw ratio will generally by 3x to 
6x and 10 to 30 percent more than the maximum stable draw ratio obtainable in the absence of the radiant 

/5 heater. The use of the radiant heater to increase the overall stretch imparted to the filament during the initial 
drawing and orientation step further improves the ultimate physical properties obtainable by the method of 
this invention. The filaments thus produced are further processed according to the basic embodiment of the 
invention. 

Monofilaments, drawn and heat treated in accordance with the present invention, are further processed 
20 through relaxation and annealing following conventional procedures. The resulting filaments are found to 
have significantly greater elongation, significantly lower modulus and substantially equivalent tensile 
strength as compared to monofilaments processed without the heat treating step of the present Invention. 



Description of Drawing 

Fig. 1 is a schematic representation of a filament extrusion process according to the present invention. 
Rg. 2 is a schematic representation of a filament redraw process according to the present invention. 
Rg. 3 is a cross-section photomicrograph of a size 4/0 monofilament suture of poly(p-dioxanone) 
30 prepared according to the method of the present invention. 

Fig. 4 is a cross-section photomicrograph of a size 470 monofilament suture of poly(p-dioxanone) 
prepared according to the prior art. 

Rg. 5 is a cross-section photomicrograph of a size 6/0 monofilament suture of poly(p-dioxanone) 
prepared according to the method of the present invention. 
35 Rg. 6 is a cross-section photomicrograph of a size 6/0 monofilament suture of poly(p-dloxanone) 
prepared according to the prior art 

Detailed Description of the Invention 

40 In one embodiment of the present invention, there Is provided a process for drawing and relaxing 
prepared filaments in order to modify and improve the properties of such monofilaments. The filaments 
subjected to such process have already been prepared by conventional methods of melt extruding, 
quenching, drawing, and relaxing continuous thermoplastic monofilaments. This embodiment of the inven- 
tion is referred to herein as the "redraw process". 

45 In a second embodiment of the present invention, there is provided an Improved process for the initial 
preparation of the filaments which are to be further processed by the redraw process. This embodiment of 
the invention, hereinafter refenred to as the "extrusion process", in combination with the redraw process, 
constitutes a preferred embodiment of total Invention and results in monofilament products having optimum 
properties. 

50 The extnjsion process of the present invention Is first described as follows with reference to Fig. 1. The 
selected themioplastic polymer is melt extruded using conventional melt spinning apparatus indicated 
generally as 10. The polymer passes from the spinnette 11 having one or more jet orifices sized to provide 
the correct final diameter of the desired monofilament into aqueous quench bath 12 where the molten 
polymer stream hardens into filament F. The filament passes around submerged roll 13 and exits the 

55 quench bath over roll 14. thereafter passing into air cabinet 15 where the filament is dried and conditioned 
before entering the drawing portion of the process. The roll speed In cabinet 15 may be adjusted to take up 
the filament at a rate faster than the filament Is being extruded from the orifice in which case the rolls 
impart a "jet-stretch" to the filament The amount of jet stretch, together with orifice size, is adjusted to 
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produce a monofilament of the desired diameter. 

The fifamente pass from air cabinet 15 to draw rolls 16 which are generally maintained at the same 
^nSl^JSr^ ^Lk *® "^"^^ ^ maintained under tension but not 

s S i^Hnh ^a^V"^ '^^"'"9 "'^ ^^^"g'' t"''* furnace 17 onto draw 

1? » operate at a h.gher peripheral speed than draw rolls 16 in order to impart a high degreed 

stretch to the filaments. i.e.. 3x - 6x (200 - 500%). The tube furnace, which is optionai at this poirt In the 
present invention, is operated at a temperature of from 5 to 100* above the melting temperature of the 
filaments, and most generally, from 20 to 75 above the melting point. Because the fumace is relatively 
short and the time of filament exposure is short, only the surface of the filament is affected by the heat TTie 

iZtTl "'"^ '! ^^"^ P"^^' ^'^^^ ^ ^"'^^ of sbetch to be imparted to the 
filament, but for some polymer systems, the furance may be omitted and the filament given a cold, wami 
air or hot water stretch, in any case, the drawing at this stage imparts molecular orientation to the filaments 
which are essentially amorphous or unoriented spherolitic structures going onto rolls 16 
.« ho^=?''»^'^T'"^'il! P^^^ orientation oven 19. maintained at a temperature 

?n «./ ! I .f T"'"^ ^"^ °' P^'y"®'- "^'^ ^® 9'^«" a small additional stretch of e.g. 
10 - 25/, by draw rolls 20. This completes the initlat filament preparation stage of the process and the 
filaments are spooled and stored for further processing in the redraw process of the present invention 

The redraw process is next described with reference to Rg. 2 as follows. Filaments F prepared and 
spooled in the extrusion process or obtained from other suitable source are led to draw roll 21. throuah tube 

'° Jrr,f • r; ^^r:*"" ^^^^"^ IW** ^ "^ost generaJy from 

lOto 25% between rolls 21 and 23. The tube fumace. which is an essential component of the redZ 
process is^operated at a temperature at least 5 C above the melting point of the filaments, and preferably 
at least 15 or more above the melting point. In general, ttie maximum temeprature which is consistent with 
^ fii!°l°r[ a ^'^^^"^"^ ^"^ temperatuie for any given process will be dependent on 

25 filament size and composition, operating speed, and draw ratios. Such optimum temperatures are readily 
detemiined by experimental procedures for any given system. w reaoiiy 

The drawn and heat treated filament proceeds from rolls 23 through hot air conditioning oven 24 and on 
T ?J <f "P®'^*® ^* ^ peripheral speed slightly above ttiat of rolls 23. e.g. 2-10%. in order to 
T^ln^ bTo:!^""°"- ""'^ 25 «,rough hot air relaxing oven 

f T f -.u f.^^ "^"^ ^ ^ ^'^^^^ ^''^^'^ 10 »° 30% stower than that of rolls 25 
n order to permit the filaments to shrink a controlled amount while passing through oven 26 The 
temperature in oven 24 and oven 26 are maintained above tfie Tg but below the melting temperature of ti» 
filament, usually about 5 to 20 C below the melting point i«»«ureoiTne 
RIaments leaving rolls 27 are collected and optionally subjected to ftirther processing if desired, such 
as annealing to incree^ crystallinity. The particular further processing steps, if any. will depend to a lame 
extent on the composition of ttte filament and tfie physical properties which are desired 

-me tube ftimace. which is an essential component of the redraw process, and an optionally preferred 
component of the extrusion process, is preferably a high temperature ftimace which heats by radiant energy 
Nol5^i::^?h?"-fr^ '""f". -"r^ °' groups Of monofilaments is tube' fumace Zel 
Sl;o„!?t t ! ^""^ ^'^^^ ^ '^^ Watertown. Wisconsin. This fumace is 

^J^T^"^'^. "P *° ^ ^' ^'^W^^' ^'^-^ents backed by a 

wfi^ matenal. TTie fumace has a l-inch diameter tubular opening ttirough which ttie filaments pass It 
f'TT^JI"^" this fumace tiiat tfie filaments be centered in ttie opening to avoid uneven heating. 
For arger scale multifilament production, a ftjmace witt, inftared heaters and parallel heating plate geometnr 
46 would be preferred to a tubular furnace. a i^iaw yeomeiry 

a miller*"? '""^^ ^°"°'^'"9 «'«'^P'« describing the preparation of 

a monof. ament suture of poly(p<lioxanone). Poly(p-dioxanone) sutures are known from U.S. 4.05W8ft 

m™l f K?'" ^, '^'^'T*^- ^ 0* p-dioxanone monomer and polymerfeation of tha^ 

^ TT "^""^ °* Ascribed in tills reference. 

having a diameter of 11 mils (con-esponding to a 3/0 suture) a tensile strengtii of 55.600 psi a drv knot 
strengtt, of 48.800 psi. and a Youngs modulus of 167.000 psi. Example VII dSibes a 9 T^nci^ 
having a tensile strengtii of 70.600 psi. dry knot strengtii of 50.300 psi. and an elongation of 4e7peTceT^ 
Ffhi:^°r®« s"*"® comprising a polymer of p^lioxanone and manufactured and sold'by 

Ettiicon. Ina. Somerville. New Jersey, under ttie fi-ademark "PDS« Suturo". has been deteimined to have 
average properties as shown in Table I betow. owerminea to nave 

rn^^^^f T'^' '"^ ^° ^"^ P''^'"^ ^''^ polymer as aforodescribed 

commercial sutures by ihe mettiod of tt,e present invention. The physical properties of tfiese sutur^^ 
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also presented in Table I below. As illustrated by these data, the sutures produced according to the present 
Invention have similar tensile and knot strength, greater elongation, and significantly lower modulus than the 
commercial sutures. 

TABLE I 
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Suture Properties 




This Invention 


Commercial 








Product 


Suture Size 


5/0 


2/0 


5/0 


2/0 


Diameter (mil) 


6.8 


13.6 


6.5 


13.7 


Tensile (lb) 


3.4 


12.6 


2.9 


11.1 


Intr. ten. (psi) 


92.770 


88.775 


87.550 


75.010 


Elong. (%) 


58.0 


60.0 


38.1 


34.1 


Knot (lb) 


2.3 


7.3 


2.1 


7.0 


Intr. knot (psi) 


63.130 


51.280 


62.000 


47,140 


Modulus (psi) 


approx. 200,000 


approx. 330.000 
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The reduced modulus and increased elongation of the sutures of the present invention impart improved 
handling characteristics and reduced tissue drag which are readily perceived and preferred by surgeons 
using these materials. In particular, the reduced modulus results In greater flexibility and less springiness 
than that characteristic of the commercial product. The poly(p-dioxanone) sutures of the present invention 
were found to have essentially the same in wo breaking strength retention and absorption characteristics 
as the commercial product. 

The sutures of the present invention reported in Table I were prepared by the process as generally 
described below. This process is described specifically for the manufacture of poly(p-dioxanone) sutures 
wherein the starting polymer has an average molecular weight of from about 65.000 to 100.000. an inherent 
viscosity of from about 1.60 to 2.20. and a melting temperature of from about 95 to 105* C. Process 
conditions may var for other polymer compositions including other poly(p-dioxanon0) polymers and the 
following example is accordingly presented for purposes of Illustration only as being representative for one 
specific polymer system and is not otherwise limiting of the present invention. Many variations in the 
process equipment and operating parameters which nevertheless incorporate the essential features of the 
present invention will be apparent to those skilled in the art and are intended to be included within the 
scope of the present invention. 



40 



EXAMPLE (size 2/0 



50 



Poly(p-dioxanone) polymer having an average MW of about 78,000, an inherent viscosity of 1.65 - 1.80 
45 (melting point approx. 95 *C) was melt extruded through a 60 mil orifice and quenched in a water bath at 
24* C. The extruded filament was conditioned to about 80* C in a wanm air cabinet and fed to a draw station 
where it was drawn 5x between two set of godets while passing through a tube furnace at 125* C. The first 
godet speed was 13 FPM. the second godet speed was 65 FPM. and the furance was 12 inches long. 
HIament dwell time in the furance was estimated to be about 1 second. The drawn filament was drawn an 
additional 20% while passing through a hot air oven maintained at about 80* C. The filament was collected 
and conditioned under vacuum at room temperature for 16 hours. The monofilament was next drawn 15% 
while passing through a 12 inch tube furnace maintained at about 115 -120* C. Dwell time in the furnace 
was estimated to be approximately 1.5 seconds. The drawn filament was next passed through a hot air oven 
maintained at about 90* c with a 4% stretch to maintain tension, foltowed by a second oven at 90*C 
wherein the filament was allowed to shrink 15%. The resulting filament was wound on a rack for annealing 
at a temperature of from about 70 to 90*C. and. in the present example, at 85* C for 8 hours while 
maintained under tension to prevent further shrinkage. The resulting monofilament had a diameter of 14 
mils corresponding to a size 2/0 surgical suture. 
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The above procedure was repeated to prepare sutures ranging in size from 7/0 (0.4 mils) to 2 (23 mils). 
Individual suture sizes were obtained by adjusting extrusion rates and/or orifice size to produce an extruded 
monofilament which, after passing through the remainder of the process which resulted In a 6x overall 
stretch, would produce the desired suture diameter. While minor adjustments in process speeds and 
temperatures were made to accommodate the different filament sizes and to optimize process conditions 
for each size, the basic process was the same as that described above for the size 2/0 suture. 

Representative physical properties for sutures prepared in accordance with the present Invention as 
described above are presented In Table II together with comparable data for commercial sutures of the 
same polymeric compositions. As noted above, the commercial sutures were prepared by a conventional 
process which did not Include heat treatment at a temperature above the melting point of the polymer. 

TABLE 11 



Physical Properties of Sutures of Poly(p-dioxanone) 





This Invention 


Commercial Product 


Suture 


Straight 


Knot 


Elong. 


Strain 


Straight 


Knot 


Elong 


Strain 


Size 


Tensile (lbs) 


Strength 


(%) 


Load 


Tensile (lbs) 


Strength 


(%) 


Load 






(lbs) 








(lbs) 




2 


28.1 


16.4 


59.4 


2.7 


29.9 


16.1 


37.1 


3.9 


1 


22.8 


12.9 


54.7 


2.2 


24.5 


13.2 


27.1 


3.1 


0 


17.8 


10,3 


58.3 


1.6 


17.6 


10.5 


36.9 


2.4 


2/0 


11.0 


7.2 


52.0 


1.0 


10.9 


6.8 


32.3 


1.8 


3/0 


7.7 


5.5 


51.6 


0.8 


8.1 


5.2 


34.5 


1,2 


4/0 


4.6 


3.3 


53.7 


0.4 


4.8 


3.2 


32.1 


0.7 


5/0 


ZQ 


2.2 


44.6 


0.3 


3.0 


2.1 


33.3 


0.4 


6/0 


1.3 


1.0 


50.6 


0.1 


1.3 


0.9 


29.1 


0.2 


7/0 


0.8 


0.7 


52.8 


0.1 


0.6 


0.6 


26.1 


0.1 



As illustrated by the data In Table II. which are generally representative of these products, sutures 
prepared according to the present Invention are substantially equivalent to the commercial sutures In 
straight tensile and knot strength, but have significantly higher elongation. In addition, the sutures of the 
present invention possess a higher degree of elasticity as indicated by the Strain Load which is a measure 
of the force required to reach the 3% strain level in a stress-strain test. The lower the strain load value, the 
more stretchy the suture is perceived to be. 

Sutures of poly(p-dioxanone) were also evaluated for tensile strength, modulus, and Guriey Stiffness 
with the representative results presented in Table III below. 
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TABLE III 



70 







Physical Properties 


of Sutures of Poly{p-clioxanone) 










This Invention 


Commercial Product 


Nominal 


Diameter 


Gurley 


Ten. 


Mod. 


TenyiVlod. 


Diameter 


Gurley 


Ten. 


Mod. 


Ten7Mod. 


Suture 


mils 


Stiffness 








mils 


Stiffness 








Size 




























(psi X 10-3) 








(psi X 10-3) 




2 


23.3 


240 


63.7 


210 


0.30 


23.8 


364 


72.5 


336 


022 


1 


20.8 


149 








19.6 


169 


75.7 


318 


0.24 


0 


18.4 


85 


69.1 


200 


0.35 


17.0 


118 


71.8 


323 


0.22 


2/0 


14.1 


30 


70.2 


198 


0.35 


13,6 


54 


73.4 


337 


0.21 


3/0 


12.0 


16 


74.2 


204 


0.36 


11.6 


23 


75.3 


333 


0.23 


4f0 


8.4 


5.6 








8.7 


7.0 


82.3 


354 


0.23 


5/0 


6.6 


1.8 


82.6 


199 


0.43 


6.9 


2.6 


77.2 


334 


0.23 


6/0 


4.4 


0.2 








4.4 


0.2 


89.6 


322 


0.28 


7/0 


0.4 


0.04 








0.4 


0.04 




351 





As shown by the above data, the sutures prepared according to the present invention have significantly 
lower modulus than the commercial product, approximately 200.000 psi vs. 330.000 psi. This lower modulus 

25 is also reflected in the Gurley Stiffness values which are significantly lower for the sutures of the present 
invention compared to the commercial product. In this particular study, the tensile strength of the test 
sutures was slightly lower than that of the commercial product. Further process refinement and optimization 
of operating conditions however, would be expected to produce further improvement of the physical 
properties of sutures prepared according to the present invention, including increased tensile strength. 

30 Particularly prefenred sutures of poly(p-dioxanone) prepared according to the present invention are specifi- 
cally characterized by the following physical properties: 
Elongation - greater than 40% 
Young's Modulus - less than 250,000 psi 
Tenacity/Modulus ratio - greater than 0.30 

35 Test methods used for detemnining the physical properties of monofilament suture materials were as 
^ follows: 

Tensile strength, knot strength and percent elongation at break were determined by A.S.T.M. method D- 
2256-66T at a constant rate of extension using an INSTRON table Model 4200 universal testing instrument 
manufactured by the Instron Corporation of Canton, Massachusetts. With the instrument sample clamps set 
40 5 inches apart. 5-inch lengths of suture were elongated at a rate of 12 inches per minute until fracture. The 
suture knot strength was determined under the same test conditions. 

The INSTRON instalment was set for the correct suture diameter, and Young's Modulus was calculated 
in psi from the initial stress-strain data generated during the straight tensile strength test. Young's Modulus 
is the ratio of applied stress to strain in the elastic region of the suture and measures the elastic component 
45 of a suture's resistance to stress. This value is related to the flexibility of a suture. 

Gurley stiffness was measured using a motor-operated Gurley Stiffness Tester (Model 4171-D) 
manufactured by Teledyne - Gurley of Troy. New York. In the test 10 parallel monofilaments are mounted 
on a fixture so that the filaments extend precisely 3/4 Inch beyond the edge of the fixture. The instrument is 
adjusted to provide 1/2 inch clearance between the edge of the fixture and the pendulum so that the 
so pendulum acts against 1/4 inch of the monofilaments. The instrument is operated and filament stiffness 
computed according to the manufacturer's Instructions. 

Good suture flexibility as indicated by low Gurley Stiffness values is important to the surgeon since soft, 
highly flexible sutures are easier to handle, use and tie. Flexible and slightly elastic sutures are also 
desirable since they conform to the wound and penrnit some latitude in the tension applied to the suture by 
55 the surgeon. 

In addition to their desirable physical properties, monofilaments produced according to the present 
invention are characterized by a unique morphology which includes a central core having a highly ordered 
crystalline structure and an annular portion between the central core and outer surface which has a less 
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ordered crystalline structure. This differentiation in crystalline structure is believed to be the result of 
exposing the filament to high temperature in excess of the melting point of the polymer for brief periods 
during the manufacturing process as described above. While applicant does not wish to be bound by 
theory, it Is postulated that the surface of the filament may actually melt as the filament passes through the 
5 heater section, and the penetration of heat Into the body of the filament results in the difference in 
crystalline structure noted above. The thickness of the annular portion which may be from about 0.1 to 0.5x 
the radius of the filament is a measure the degree of heat penetration which Is a function of the time and 
temperature of exposure. 

The morphological differences between the poly(p-dioxanone) monofilaments produced according to the 

10 present invention and the commercial sutures of the same polymeric composition are readily apparent in 
Fig. 3 and Rg. 4, which are 430x photomicrographs of cross-sections of size 470 filaments Illuminated with 
polarized light The commercial product illustrated in Rg. 4 Is seen to have a relatively uniform crystalline 
structure throughout its cross-section. The monofilament of the present Invention illustrated in Fig. 3 is seen 
to have a clearly defined central core surrounded by annular area A which extends Inward from the surface 

IS of the filament a distance equal to about 0.2x the radius of the filament. The crystalline structure of the 
central core appears to be highly ordered and characterized by large, possibly spherolitic crystals. The 
annular area surrounding the core appears to have appreciably smaller crystals indicative of a less ordered 
structure. This observed difference in crystalline structure is theoretically consistent with the effect of the 
different processing conditions used In the manufacture of the two products. The same effect is seen in Rg. 

20 5 and Rg. 6 which are respectively 430x photomicrographs of size 6/0 sutures of the present invention and 
commercial product. In Rg. 5. annular area B extends inward from the surface of the filament a distance 
equal to about 0.4 x the radius of the filament. 

The differences in crystalline structure between the poly(p-dloxanone) suture of the present Invention 
and the commercial product are readily detemnined by x-ray diffraction patterns and scattering analysis as 

25 Illustrated by the representative values shown in Table IV. 



TABLE IV 



Crystalline Properties of Poly{p-dioxanone) Sutures 




This Invention 


Commercial Product 


Suture 


Xo 


L 




Fh 




L 


is 


Fh 


Size 


















2/0 


0.52 


78 


95 


206 


0.47 


64 


96 


229 


4/0 


0.55 


72 


97 


208 


0,52 


61 


97 


245 


6/0 


0.56 


76 


97 


180 


0.51 


71 


99 


213 



45 



^ where: 

Xc Is the relative crystallinity calculated as 
Xc = Elc/rit 

where Elc is the integrated area under the crystalline peaks, and El, is the integrated area under the 
observed diffraction curve. 

L Is an estimate of the breadth In A of individual crystallites using the Debye-Scherrer equation 

L = X/;8 cos e 

Where 0 is half the diffraction angle. X is the wave length of radiation in A. and fi is the peak width In A at 
half-height 

ia is a measure of tlie long range crystalline structure detemiined by small angle radiation scatter as the 
average distance in A from the center of one crystallite to tiie center of the next measured in the chain 
direction along the fiber axis. 

F„ is a measure of the long range crystallite perfection in the chain direction along tiie fiber axis as 
indicated by crystalline peak width in A at half-height using the Debye-Schen-er equation as defined above. 

The mettiod of the present invention has been illustrated with specific reference to monofilament 
sutures of poly(p-dioxanone) having unique morphology and improved physical properties, and such sutures 
are part of tiie present invention. The method of the present invention however, has wide application for use 
witii other thermoplastic polymeric compositions and for ttie preparation of monofilamentary materials for 
industrial as well as surgical applications. Such polymeric compositions which are contemplated for use in 
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the method of the present invention include polyethylene, polypropylene, polyvinylidene fluoride, poly- 
(glycoilde. cotrimethyl carbonate), homopolymers and copolymers of lactlde and glycollde and copolymers 
of p-dloxanone with lactlde. glycollde and €-caprolactone. 

Many variations in the details of the process of the present Invention will be apparent to those skilled in 

5 the art and may be made without departing from the spirit and scope thereof. The process may. for 
example, incorporate further drawing, relaxing and annealing stages In addition to those disclosed herein or 
may omit or modify one or more of the nonessential processing steps described herein. In addition, the 
essential feature of the present invention which involves heat treating a monofilament comprising a 
thermoplastic polymer at a temperature in excess of the melting point of that polymer, is subject to variation 

70 according to the composition of the polymer, the size of the monofilament, and the time/lemperature 
relationship of the heat treating step. For example, while the proceeding description included temperatures 
as high as 75'C above the melting point of the polymer, and exposure times as brief as 0.1 seconds, it 
may be desirable for higher production speeds or for other purposes to reduce exposure times to 0.01 
seconds or less while increasing the temperature up to several hundred degrees above the melting point of 

75 the polymer as necessary to obtain the desired effect on the morphology of the monofilament and its 
physical properties. It Is accordingly understood that this invention is not limited to the specifically 
described embodiments except as may be defined in the claims appended hereto. 



20 Claims 

I. In a method for producing a monofilament structure of a thermoplastic polymer composition comprising 
the steps of melt extruding and quenching the polymer to form a continuous filament, drawing the filament 
to achieve molecular orientation, and thereafter relaxing or annealing the filament to relieve internal 

25 stresses, the improvement comprising exposing the filament to a temperature in excess of the melting 
temperature of the polymeric composition during or subsequent to drawing said filament and prior to the 
final relaxation or annealing of said drawn filament, said exposure being for a time and at a temperature 
effective to obtain a filament having a lower order of crystallinity in the outer core area and a higher order of 
crystallinity in the inner core area. 

30 2. The method of Claim 1 wherein said exposure occurs during the first drawing of the extruded and 
quenched filament. 

3. The method of Claim 1 wherein said exposure occurs after the first drawing of said extruded and 
quenched filament, and said filament is maintained under tension during said exposure. 

4. The method of Claim 1 wherein said filament is exposed a first time during a first drawing of said 
35 extruded and quenched filament, and is exposed a second time during a second drawing of said drawn 

filament 

5. The method of Claim 1 wherein said first drawing is in excess of 200 percent and said second drawing is 
less than 100 percent. 

6. The method of Claim 1. wherein the outer core area has a radial thickness of from about 0.1 to 0.5x the 
40 radius of the filament 

7. Method of Claim 1 wherein said temperature of exposure is from about 5 to 100 'C above the melting 
temperature of said polymer. 

8. Method of Claim 7 wherein the time of said exposure is from about 0.1 to 5 seconds. 

9. Method of Claim 1 wherein said themnoplastic polymer is selected from the group consisting of 
45 polyethylene, polypropylene, polyvinylidene fluoride, poly(glycoIide, cotrimethyl carbonate), homopolymers 

and copolymers of lactlde and glycollde and copolymers of p-dioxanone with lactide, glycollde and e- 
caprolactone. 

10. Method of Claim 1 wherein said polymer is poly(p-dioxanone). 

II. Method of Claim 10 wherein said extruded and quenched monofilament is drawn 4 to 6x while being 
50 exposed to a temperature of from about 105* C to 175* C for a period of from about 0.1 to 5 seconds. 

12. Method of Claim 11 wherein said filament Is drawn 5x while being exposed to a temperature of about 
120 to 140* C. 

13. Method of Claim 11 wherein said drawn and exposed filament is redrawn about 5 to 30% while being 
exposed a second time to a temperature of from about 105 to 175* C for a period of from about 0.1 to 5 

55 seconds. 

14. The method of Claim 13 wherein said redrawn and exposed filament Is relaxed by shrinking 10 to 25% 
of its redrawn length at a temperature below its melting point. 

15. The method of Claim 14 wherein said filament is annealed after relaxation at a temperature of from 
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about 70 to 90' C while being restrained against further shrinkage. 

16. A drawn and oriented monofilament structure comprising a thermoplastic polymer and having a 
structure defined by an outer surface, a central core, and annular portion between said central cor© and said 
outer surface, said central core having a crystalline stnjcture which is differentiated from that of said annular 



17. The monofilament of Claim 16 wherein said differentiation between said central core and said annular 
portion is readily visible by optical microscopy at 430x magnification under polarized light. 

18. The monofilament of Claim 16 wherein said central core has a more highly ordered crystalline structure 
than said annular portion. 

19. The monofriament of Claim 16 wherein the crystalline structure of the inner core is characterized by 
larger crystals as compared to the annual portion, 

20. The monofilament of Claim 16 wherein the annular area has a radial dimension of from about 0.1 to 0.5x 
the radius of the monofilament. 

21. The monofilament of Claim 16. wherein said polymer is selected from the group consisting of 
polyethylene, polypropylene, polyvinylidene fluoride, poly(glycolide, cotrimethyl carbonate), homopolymers 
and copolymers of lactide and glycollde and copolymers of p-dioxanone with lactlde, giycolide and e- 
caprolactone. 

22. The monofilament of Claim 16 wherein said polymer Is poly(p-dioxanone). 

23. The monofilament of Claim 22 wherein said polymer has an average molecular weight of from about 
65,000 to 100,000 and an intrinsic viscosity of from about 1.60 to 2.20. 

24. The monofilament of Claim 23 wherein the crystalline structure of the inner core Is characterized by 
larger and more spherolitic crystals as compared to the annular portion. 

25. The monofilament of Claim 24 wherein the annular area has a radial dimension of from about 0.1 to 0,5x 
the radius of the monofilament. 

26. The monofilament of Claim 22. having an elongation greater than 45%. a Young's modulus of less than 
250.000 psi. and a ratio of Tenacity/Modulus greater than 0.30. 

27. A surgical suture comprising a monofilament of any of Claims 16 to 26 having a diameter of from about 
0.3 to 24 mils. 



portion. 
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